A headspace gas chromatographic (GC) method was developed to determine 1,3-butadiene (1,3-BD) in simulated saliva in contact with chewing gum. The calibration graph was linear, and the limit of detection was 0.004 mg/L, which is well below the migration limit for this substance. The headspace GC method provides rapid and reliable analysis for monitoring 1,3-BD migration from chewing gum into simulated saliva. In this paper, we report headspace methodology for sensitive determination of 1,3-BD in chewing gum and results of selected analyses, enabling preliminary assessment of possible exposure to 1,3-BD through migration.
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1
,3-Butadiene (1,3-BD) is a colorless gas used mainly to make synthetic rubber (styrene-butadiene rubber and polybutadiene rubber) and thermoplastic acrylonitrile-butadiene-styrene (ABS) resins (1) . In 1994, 3 billion pounds of butadiene were produced in the United States (2). The maximum 8 h time-weighted average workroom exposure promulgated by the Occupational Safety and Health Administration (OSHA) is 2 mg/kg (2).
1,3-BD is mutagenic to Salmonella typhimurium strains (TA1530 and TA1535), which are sensitive to base-pair substitution mutagens (3) . The mutagenicity of 1,3-BD apparently requires metabolic activation (3) and may be due to the epoxide intermediates butadiene monoxide (1,2-epoxybutene-3) and diepoxybutane. Butadiene monoxide is the primary metabolite of butadiene biotransformation by rat liver microsomal monooxygenase (4) and may be conjugated with glutathione or further metabolized to diepoxybutane or 3,4-epoxy-1,2-butanediol (5). Butadiene monoxide and diepoxybutane have been found to induce local neoplasms when applied to the skin of mice or when administered to mice or rats by subcutaneous injection (6).
1,3-BD is used as a monomer in the production of plastics used for food packaging and other food contact applications. Monomers and other starting substances used in the manufacture of plastic materials and articles are regulated by decree No. 105 (May 19, 1999) of the Brazilian Health Ministry, which contains a list of authorized substances (7) . The most common restriction is on the amount of each substance permitted to migrate into a food. This form of restriction is called a specific migration limit (SML), defined as the maximum concentration of the substance permitted to migrate into foods or into food-simulating solvents (model foods) under defined test conditions. The purpose of the SML is to keep consumer exposure to the substance within tolerable levels; thus, the SML is linked to the toxicity of the substance and its tolerable daily intake (TDI) value (in mg/kg body weight/day). The SML for 1,3-BD is 0.02 mg/kg or mg/L (7).
The determination of 1,3-BD in plastics by headspace gas chromatography (GC) with flame ionization detection (FID) was previously described by Steichen (8) , who reported a limit of detection of 0.05 mg/kg. Gilbert and Startin (9) reported an extension of this headspace methodology to include the sensitive determination of 1,3-BD in ABS resins and foods by selected-ion monitoring (SIM) mass spectrometry (MS) with detection limits of 0.005 mg/kg in plastics and 0.0002 mg/kg in soft margarines. A headspace GC procedure was developed for the determination of 1,3-BD in rubber-modified plastics and some foods by Breder and McNeal (10) ; the limits of quantitation were 2 ng/g (ppb) in chewing gum and 20 ng/g in polymers. Dissolution of the gum was not attempted.
In this paper we describe a headspace GC method to determine 1,3-BD in simulated saliva in contact with chewing gum; we also report the results of selected analyses to enable preliminary assessment of possible exposure to 1,3-BD through migration.
(30 m × 530 µm × 2.65 µm) was used for separation. The migration solute peak was detected by FID. The injector and detector temperatures were 100 and 280°C, respectively. Column temperature was as follows: initial temperature of 40°C; from 40 to 50°C at 0.5°/min; at 50 to 250°C at 10°/min; hold at 250°C for 5 min. Air and hydrogen flow rates were set at 100 and 10 mL/min, respectively. The nitrogen gas flow rate was 10 mL/min.
Calibration Solutions
Standard solutions of 1,3-BD were prepared by bubbling the gas into a tared vial containing 20 mL DMA to obtain a solution containing 1,3-BD at 1156 µg/g. Subsequent dilutions with simulated saliva produced solutions containing 1,3-BD at 0.001-0.025 mg/L. All standard solutions were analyzed under optimized conditions. A calibration graph was constructed by plotting peak height vs analyte concentration.
Simulated Saliva
Simulated saliva was prepared by dissolving 42 mg sodium hydrogen carbonate, 5 mg sodium chloride, and 2 mg potassium sodium carbonate in 10 mL distilled water and adjusting to pH 9 with 1N NaOH.
Analysis of Chewing Gum
A 5 g portion of chewing gum was ultrasonicated for 1 h at 37°C in 10 mL simulated saliva according to standard European Union test conditions (11) . The exposed simulated saliva was then analyzed by headspace GC with FID for any 1,3-BD that had migrated and also for any plastic-derived analytical interferences. Analyte concentration was calculated from peak height by comparison with the calibration graph. Twenty-three different brand types and flavors of chewing gum were analyzed.
Method Validation
Ten 10 mL portions of simulated saliva were spiked with 1,3-BD standard at the SML (0.020 mg/L), and the spiked portions were shaken to ensure homogeneity and analyzed as described above. Recoveries were calculated from peak heights by comparison with the calibration graph. The linearity of calibration was determined along with the within-laboratory detection limit.
Results and Discussion
The chewing gum samples were analyzed previously by infrared spectrometry to confirm their identities as butadiene poly- mers. The sample was dissolved in carbon disulfide, the solution was filtered, and the filtrate was dried to form a film. The infrared spectrum was obtained immediately to minimize oxidation. The identity of a butadiene polymer was confirmed by major and minor absorption peaks at 10.3 and 11.0 µm, respectively (12) .
The following calibration data and relevant statistics were obtained. The calibration correlation coefficient for 1,3-BD was 0.995; the within-laboratory detection limit was 0.004 mg/L, and the quantitation limit was 0.009 mg/L. The detection and quantitation limits, established by spiking simulated saliva with 1,3-BD, were calculated according to standard procedures (13) . The detection limit is well below the Brazilian SML for 1,3-BD, which is 0.020 mg/L. The repeatability relative standard deviation, based on replicate injections of the 0.020 mg/L calibration solution, was 0.003 mg/L. Levels of 1,3-BD found in the chewing gum samples (n = 3) ranged from 0.010 to 0.130 mg/L. The presence of 1,3-BD was confirmed by MS in the SIM mode; the ions at m/z 39, 53, and 54 were monitored. Figures 1 and 2 show typical chromatograms obtained for the blank and spiked simulant under optimized conditions.
Conclusions
A quick and reliable headspace GC method has been developed for the determination of 1,3-BD in simulated saliva, which is used to test plastics for chemical migration. The detection limit is adequate for measuring 1,3-BD at the maximum concentration permitted for migration. There is no evidence that plastics-derived interferences are a problem for the method. It is therefore concluded that the headspace GC 
